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Art exploration is a complex process conditioned by factors at different levels and
includes both basic visual principles and complex cognitive factors. The human figure is
considered a critical factor attracting the attention in art painting. Using an eye-tracking
methodology, the goal of this study was to explore different elements of the human
figure performing an action (face and body parts in action) in complex social scenes
characterized by different levels of social interaction between agents depicted in scenes
(individual vs. social). The sample included 44 laypersons, and the stimuli consisted of
10 fine art paintings representing the figurative style of classical art. The results revealed
different scanning patterns of the human figure elements related to the level of social
interaction of agents depicted in the scene. The agents’ face attracted eye movements
in social interaction scenes while the agents’ body parts attracted eye movements only
when the agents were involved in individual actions. These processes were confirmed
specifically in participants with high empathic abilities who became immediately fixated
on faces to develop a mimetic engagement with other agents. Future studies integrating
other measures would help confirm the results obtained and strengthen their implication
for embodiment processes.
Keywords: face, body parts, visual exploring patterns, complex social scenes, empathic abilities
INTRODUCTION
Art exploration is a complex process conditioned by factors at diﬀerent levels, such as basic
visual principles and more complex cognitive factors (Quiroga and Pedreira, 2011). Some studies
have emphasized the role of “bottom–up” processes, proposing that gaze behavior during picture
viewing is aﬀected by physically salient visual features (Berlyne, 1974; Solso, 1994; Ramachandran
and Hirstein, 1999; Zeki, 1999; Graham and Field, 2007, 2008; Graham and Redies, 2010). Other
studies have recognized the role of “top–down processes,” demonstrating that the goal of visual
exploration (task) (Buswell, 1935; Yarbus, 1967; DeAngelus and Pelz, 2009) and the person’s
cultural background, art expertise, and familiarity with and interest in a speciﬁc work of art
(Kristjanson and Antes, 1989; Nodine et al., 1993; Kapoula and Lestocart, 2006; Illes, 2008) are
critical elements in inﬂuencing art exploration.
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Beyond the diﬀerent factors discussed above, a consensus
exists about the role of the human ﬁgure as a critical
factor in attracting the attention in art painting. In a
controlled experimental study with art paintings, Massaro
et al. (2012) have recently observed that when represented
content included human subjects, content-related top–down
processes prevailed over low-level, visually driven, bottom-up
processes in guiding the observers’ explorative pattern. This
ﬁnding indicated that when a human being was portrayed
in a painting, the gazing behavior focused mostly on the
human ﬁgure. The human body has a strong power to orient
and attract visual attention at diﬀerent ages and it plays
a fundamental role in esthetic experience (Savazzi et al.,
2014).
This behavior is possible because faces and body parts are
stimuli of great biological and social signiﬁcance; they can
be rapidly and eﬃciently processed, and they can engage the
attention system (Ro et al., 2007; Crouzet et al., 2010). Several
behavioral studies have demonstrated that faces and body parts
may have an attentional advantage over other objects (Downing
et al., 2001; Ro et al., 2001; Rensink, 2002; Reed et al., 2004).
Why do people instinctively look at a human ﬁgure? Up to
now, diﬀerent approaches have been used to answer this question.
In real-life contexts, the ability to derive socially relevant
information from faces is a fundamental requirement for normal
reciprocal social interaction and interpersonal communication
(Pelphrey et al., 2002). This process has been recognized
even in the earliest stages of postnatal development (Goren
et al., 1975; Johnson et al., 1991), and gaze contact expresses
interest or a desire to collaborate (Emery, 2000). Moreover,
this instinctive orientation to focus on faces has recently
been attributed to both the recognition of emotion (Baron-
Cohen et al., 1997) and the similarity of the subjects to the
observers themselves (Hari and Kujala, 2009). The human
brain has evolved a highly specialized mechanism for facial
perception and recognition (Tsao et al., 2006) based on the
analysis of its invariant structural features (e.g., the eyes,
nose, and mouth). Due to their informative importance, these
components remain the preferred attentional targets in healthy
adults (Hernandez et al., 2009). One fundamental function
of facial processing is to identify individuals, while the other
function is to recognize the intentional state of others via
the changes in facial features. The second function plays a
crucial role in social interactions and constitutes the kernel
of “social cognition” (Brothers et al., 1990). Understanding
social intention is essentially linked to the brain capacity to
recognize the unique morphology of the eye in primates and
to provide information regarding the viewing direction of
others. According to Langton (2000), not only the face, but
also the orientation of head, the posture of the body, and
other gestures inﬂuence the direction of social attention, and
observers process all these cues automatically (Langton and
Bruce, 2000).
The importance of the face has been conﬁrmed also in art
painting exploration. In fact, several studies have demonstrated
that the face is generally the ﬁrst part of the body that is scanned
in portraits and that face-detection process should be particularly
sensitive to global cues, mainly the presence of a face contour that
activates a conﬁgural processing of the stimulus (Young et al.,
1987; Abbas and Duchaine, 2008).
Not only the face, but also other body parts attract the
viewer’s attention, as pointed out by Massaro et al. (2012) in the
observation of art paintings characterized by image dynamism. In
static images, the strong attractor was the face, while in dynamic
images the attention was equally spread out across various body
parts. The authors suggested an embodied explanation of these
results: in the ﬁrst case, embodied simulation of sensations and
emotions guided the exploration pattern, while in the second case
it was greatly aﬀected by the simulation of actions.
According to the neuroscientiﬁc perspective, there is actual
substantial evidence of an automatic conversion from vision to
action, which occurs even when a person has no intentions to
act on the viewed object (Tipper, 2004, 2010; Tipper and Bach,
2008). The automatic conversion from vision to action occurs
not only when viewing inanimate objects that can be acted upon,
but also when viewing other people’s actions (di Pellegrino et al.,
1992). In this sense, the observation of body parts involved in
another person’s actions, such as reaching, grasping, and gaze
shifts (Grosbras et al., 2005), evokes similar processes in the
viewer.
Thus, face and body parts can be seen as elements of the
human ﬁgure activating diﬀerent processes: the ﬁrst related to
the understanding of aﬀective states and social intentions and
the second related to the automatic activation of a motor-based
representation associated with parts of the body.
The situation appears still more complex depending on the
social content of the scene. According to Birmingham and
colleagues (Birmingham et al., 2008), the social content appears
to aﬀect the scanning patterns in complex real-world action
scenes. In fact, the level of activity in the scene inﬂuences the
attention toward the faces when social content is high because
face and eye information are critical to understand the social
meaning of the action.
To date, this is the ﬁrst study aiming to investigate how
complex social scenes aﬀect the exploration of diﬀerent parts
of the human ﬁgure. Speciﬁcally, the goal of this study was to
investigate the exploration of diﬀerent elements of the human
ﬁgure performing an action (face vs. body parts in action) in
complex social scenes characterized by the diﬀerent levels of
activity between agents depicted in scenes (individual vs. social)
by using an eye-tracking methodology.
We hypothesized (Hp 1) that the orienting of attention toward
human ﬁgure elements (face and other parts of the body involved
in the actions) is diﬀerent in scenes containing individual actions
(several agents performing something separately) compared
to scenes containing social actions (several agents performing
something together). Speciﬁcally, we expected individuals to pay
a greater attention to faces rather than arms in social action
condition compared to individual action condition. In individual
action condition individuals are expected to look at agents’ parts
of the body involved in the action to understand the nature of the
action, while in social action condition individuals are expected
to look at agents’ faces to understand the social nature of the
interaction between the agents.
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To verify this hypothesis we used an eye-tracking
methodology to explore human ﬁgure elements in complex
social scenes depicted in art paintings. Eye tracking is a common
methodology used to trace the inner operations of attention
and cognition (Just and Carpenter, 1976; Jacob and Karn, 2003;
Rayner, 2009) and to understand art exploration. Tracking eye
movements is advantageous because they are fast and natural
(Jacob and Karn, 2003), and it is possible to identify both speciﬁc
areas of interest (salient regions of an image), as well as speciﬁc
viewer’s explorative patterns.
Furthermore, we considered that the observation of body in
action and motor resonance derived from simulation processes
has been identiﬁed as a foundation of empathy (Jola et al., 2012).
Freedberg and Gallese (2007) indicated that when contemplating
artistic works by virtue of their visual content, it is possible to
live embodied experiences and feel an empathetic engagement
with the work of art. These feelings might consist of the
viewer’s perceived understanding of the emotions of the agents
represented in the pictures or, most strikingly, a sense of inward
imitation of their observed actions, resulting in a seemingly
mimetic engagement with the human ﬁgures depicted in the
paintings.
Thus, we wondered if the observation of the body in action of
the depicted agents might vary among people according to their
empathic dispositions.
Starting from these premises, we aimed to examine (Hp 2)
whether the observer’s individual characteristics in terms of
emphatic abilities were associated with a speciﬁc scanning of
the human ﬁgure (face and other parts of the body involved in
actions) in scenes containing individual or social actions. For
this purpose, we introduced a self-report instrument to assess
the empathic responsiveness of participants and to understand
whether this ability could aﬀect the exploration of the individual
and social scenes within an art painting.
MATERIALS AND METHODS
Participants
Because non-expert viewers are more likely to observe human
features compared to expert viewers (Vogt, 1999; Vogt and
Magnussen, 2007), we selected a non-expert sample. The
laypersons’ group (n = 44) consisted of university students or
volunteers who did not major in art but had taken a college art
course. Of these participants, 23 were female, 21 were male, and
the mean age was 27.7 years (range 20–48 years; SD = 6.62).
All participants had normal or corrected-to-normal vision and
signed an informed consent form prior to the experiment. The
study was approved by the Local Ethics Committee of the
Psychology Department of Catholic University of SacredHeart of
Milan and was performed in the Laboratory of Communication
Psychology at the same University.
Stimuli
The stimuli consisted of 10 ﬁne art paintings by both renowned
and unknown artists, which represented the ﬁgurative style of
classical art from the 17th to 19th centuries. The paintings,
TABLE 1 | Stimuli categorization.
Individual actions In the same scene, several agents were present but
were not interacting. At least one of the agents was
performing a bodily action (five stimuli).
Social actions In the same scene, several agents were present and
interacting by accomplishing complementary actions;
that is, one’s action corresponded with another’s
reaction (e.g., one agent pulls and the other pushes) or
one performed an action on the other’s body while the
other watched (e.g., the first agent is looking at the
second who is touching the first; five stimuli).
which were downloaded from various digital art libraries, were
divided into two categories that represented agents engaged in
bodily actions characterized by two levels of social interaction:
individual and social actions. The two categories are descripted
in Table 1.
To conﬁrm the stimuli categorization (individual vs. social
actions scenes), 12 non-expert judges who were not art scholars,
architects, or painters (six females, six males; range 19–60 years)
selected the stimuli. The judges were given descriptions of each
of the two categories and were asked to categorize 78 paintings
containing human ﬁgures and representing the aforementioned
style. The agreement index (Cohen’s Kappa coeﬃcient >0.60,
p < 0.005) between non-expert judges was used to select
10 paintings for the experimental phase. The Supplementary
material contains a table that lists each painting’s title, date,
corresponding category, and digital resolution.
Although the literature shows that gazing focuses on the
human ﬁgure in paintings (Massaro et al., 2012), before
doing the experiment, we controlled the bottom–up processes
using the visual saliency model (Itti and Koch, 2000). This
model comprises a number of parallel channels for processing
diﬀerent feature types, such as luminance, orientation, and
color, and the outputs from each channel are combined
to produce a single, feature-independent salience map. This
salience map signals salient or “interesting” locations in the
visual scene, regardless of which features contributed to the
salience. It has been shown that such salience maps can
predict locations likely to be ﬁxated by human observers with
accuracy signiﬁcantly better than chance (Parkhurst et al., 2002).
Furthermore, Fuchs et al. (2011) investigated the predictive
value of Itti and Koch’s salience model (Itti and Koch,
2000, 2001) on gaze behavior for photographs and paintings
and suggested that the salience map works well also for
artworks.
We used the result of the visual saliency analysis to conﬁrm
that the human ﬁgure could be regarded as an interesting position
in the selected paintings.
Figure 1 displays a representative painting for each category
and the result of the visual saliency analysis. It shows that
both human ﬁgure elements (such as the face and other parts
of the body involved in the actions) are considered salient or
“interesting” locations in the visual scene.
Because evidence suggests that presenting titles together with
artworks may aﬀect how viewers process the artworks (Leder
et al., 2006), we displayed the paintings without titles to avoid any
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FIGURE 1 | Representative paintings for each category. (Top) On the left, Individual Action (Peasant Women with Brushwood by Jean François Millet, 1858).
(Top) On the right, Social Action (The Wrestlers by Gustave Courbet, 1853). (Bottom) Left and right: paintings with visual saliency map.
eﬀect of the titles on the viewers’ exploration, understanding, and
evaluation of the paintings.
Measurements
Eye-tracking Data Acquisition
Tobii Eye-Tracker X120, a stand-alone eye-tracking unit that
uses an infra-red system to sample eye position by capturing
pupillary and corneal reﬂections every 1/120 of a second, was
used to record the participants’ eye positions. The system is
accurate within 0.5◦. The tracker was set on the desk between the
subject and monitor, and the viewing distance was approximately
60 cm from the computer screen. The visual angle covered by
the paintings measured on average 20◦ (both on horizontal and
vertical axes) so that stimuli were presented within the 30◦ of
focal visual ﬁeld and participants could freely move their eyes
without turning their head.
Software for the eye tracker processes the eye-movement
indicators in terms of number and duration of ﬁxations. Among
the indicators, we focused on fixations, which referred to
the positioning of a target feature of interest on the fovea
for a variable period (approximately 300 ms per ﬁxation).
Max angle between ﬁxations was 0.5◦ and max time between
ﬁxations was 75 ms. Minimum ﬁxation duration was established
at 60 ms. Speciﬁcally, the fixations duration refers to the
amount of time in seconds that the fovea is directed at
a speciﬁc Region of Interest (ROI), such as salient regions
of an image, while fixations before refers to the number of
ﬁxations that occurred before the viewer examined the ROI.
According to the model described by Shimojo et al. (2003),
we considered fixations before and fixations duration to be
indicators of interest in and preference for the object of ﬁxation,
respectively.
The categories that were found to draw attention to speciﬁc
ROIs related to the human ﬁgure, drawn manually, were faces,
which are the part of the human ﬁgure that typically attracts the
viewer’s eye, and arms, which in our scenes, are the body parts
involved in a bodily action movement (e.g., subjects were likely
to pick up or handle something using their arms) that could lead
to a mimetic engagement with the human ﬁgures depicted in the
paintings. All paintings presented in the experiment included at
least two but not more than four human ﬁgures. To perform
a comparison between ﬁxations toward faces and arms, we
balanced the selected ROIs containing faces and those containing
arms so that they covered no more than 5% of the entire scene.
Interpersonal Reactivity Index (IRI)
To evaluate the participants’ reactions and ability to derive
socially relevant information, we used the most widely used
instrument to assess empathic responsiveness, the Interpersonal
Reactivity Index (IRI; Davis, 1980). The IRI comprises 28
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items measuring four dimensions, Empathic Concern (feeling
emotional concern for others), Perspective Taking (cognitively
taking another’s perspective), Fantasy (emotional identiﬁcation
with ﬁctional characters), and Personal Distress (negative feelings
in response to the distress of others).
Each of these dimensions consists of seven items measured on
a ﬁve-point Likert ranging from 1 (“does not describe me well”)
to 5 (“describes me very well”). The Italian validated version
of the questionnaire (Albiero et al., 2006), which was used in
this experimental paradigm, demonstrated satisfactory reliability
and good internal consistency (Empathic Concern α = 0.61;
Perspective Taking α = 0.64; Fantasy α = 0.74, Personal Distress
α = 0.64).
Design and Procedure
According to Locher et al. (2007), 10 s is a suﬃcient time to
obtain an overview of a picture while 30 s is the average period
of observation for an esthetic judgment when unlimited time is
given, as in the case of real art museum visitors (Smith and Smith,
2001). For this reason, we deﬁned a presentation time of 10 s for
each painting.
Participants were ﬁrst asked to ﬁll out the questionnaire
and to subsequently perform the experiment, which consisted
of a viewing sequence of all the paintings in a randomized
order. To investigate the exploration of human ﬁgure elements,
the participants were instructed to look at the human ﬁgures
represented in each painting. Even if the visual saliency model
conﬁrmed that the human ﬁgure could be regarded as an
interesting position in the selected paintings, a follow up study
has been carried out to verify that the instruction to look
at the human ﬁgures did not bias participants’ exploration
patterns.
The software ran on a stimulus computer connected to the
eye-tracking computer to provide correct timing. An initial
calibration pattern was displayed to the participants before
running the eye-tracker session. After showing each painting,
the participants were given 15 s to orally answer one question
while maintaining their gaze on the screen. According to the
procedure followed by Pihko et al. (2011), we asked “Have you
seen this painting before?” This yes or no question was used to
determine the participant’s previous knowledge of the painting.
On the average, each participant was only familiar with one of the
paintings. The known painting diﬀered across participants and
for this reason; it was not excluded from the analysis.
Finally, a cross on the screen indicated the end of the
answering period and the appearance of the stimulus. The
experimental procedure is depicted in Figure 2. The full
experiment, including the preparation time, lasted approximately
30 min per participant.
RESULTS
The data analysis related to eyemovement indicators and the self-
report questionnaire was performed using SPSS analysis software
(version 19.0; Statistical Package for the Social Sciences, Chicago,
IL, USA).
Visual Scanning Patterns of Human
Figure Elements in Action Scenes with
Different Levels of Social Interaction
Hypothesis 1 stated that the human ﬁgure in art paintings
characterized by action representation is scanned diﬀerently in
scenes containing individual actions compared to scenes with
social actions. To test this hypothesis we performed a two-
way Repeated Measures ANOVA with body parts (face vs.
arms) as one factor and social interaction (individual vs. social
actions) as another factor. Descriptive data are reported in
Table 2.
Concerning the scanning of individual vs. social actions
scenes, we found a signiﬁcant main eﬀect in terms of ﬁxations
duration [F(1,44) = 28.897, p< 0.001, η2p = 0.402]. The eﬀect of
ﬁxations before was non-signiﬁcant [F(1,44) = 0.451, p = 0.505,
η2p = 0.010]. This ﬁnding showed that participants took more
time to observe face and arms in social scenes than in individual
scenes while no diﬀerences were found about how many eye
ﬁxations were logged before participants spotted the ROIs of faces
and arms.
Concerning the scanning of body parts, we found no
signiﬁcant main diﬀerences between faces and arms in terms of
ﬁxations before [F(1,44) = 1.718, p = 0.197, η2p = 0.038] and
ﬁxations duration [F(1,44) = 3.538, p = 0.067, η2p = 0.076].
This ﬁnding indicated that the participants looked similarly
at the ROIs of faces and arms of human agents performing
actions, regardless of the presence, or absence of social
interaction.
The primary purpose of two-way repeated measures ANOVA
is to understand whether there is an interaction between these
two factors on the dependent variable. In this case, we found
a signiﬁcant interaction eﬀect between body parts and social
activity both in terms of ﬁxations before [F(1,44) = 32.563,
p < 0.001, η2p = 0.431] and ﬁxations duration [F(1,44) = 50.368,
p< 0.001, η2p = 0.539].
Figure 3 may help us interpret this important result. When
the scenes depicted individual actions, the participants showed
a higher number of ﬁxations before examining the ROIs
of faces and a lower number of ﬁxations before examining
the ROIs of arms. When the depicted scenes were social
actions, the participants showed a higher number of ﬁxations
before examining the ROIs of arms and a lower number of
ﬁxations before examining the ROIs of faces. This ﬁnding
indicated that the participants looked immediately at the
arms in case of individual actions and looked immediately
at the faces in case of social actions. The same result
was obtained in terms of the ﬁxations duration. When
the depicted scenes were individual actions, the participants
exhibited longer ﬁxation duration toward the ROIs of arms
and shorter duration toward the ROIs of faces. When the
depicted scenes were social actions, the participants showed
longer ﬁxations duration toward the ROIs of faces and shorter
duration toward the ROIs of arms. This ﬁnding indicated
that the participants maintained their ﬁxations on the arms
in case of individual actions and on faces in case of social
actions.
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FIGURE 2 | Experimental procedure.
TABLE 2 | Descriptive statistics of the two factors: body parts and social
interaction.
Measures [mean (SD)]
Fixations_before Fixations_duration
Faces 6.334 (0.722) 1.792 (0.158)
Arms 5.227 (0.387) 1.440 (0.089)
Individual actions 5.939 (0.501) 1.453 (0.078)
Social actions 5.623 (0.417) 1.779 (0.105)
The Role of Individual Empathic Abilities
on Human Figure Scanning
According to hypothesis 2, we investigated the role of empathy,
which was measured by using the IRI questionnaire (Davis, 1980;
Albiero et al., 2006) to orient visual scanning of the human ﬁgure
in art paintings with diﬀerent levels of social interaction. To
answer this question, we performed a series of linear regression
analysis with each IRI factor (Empathic Concern, Perspective
Taking, Fantasy and Personal Distress) as independent variable
and eye movements toward the ROIs of faces and arms as
dependent variables. A Bonferroni correction has been applied
for multiple comparisons.
Our results showed that in social actions scenes Empathic
Concern had a signiﬁcant eﬀect on the number of ﬁxations that
occurred before examining the faces, while Perspective Taking had
a signiﬁcant eﬀect on the number of ﬁxations that occurred before
examining the arms, as shown in Table 3.
In the most complex social category, such as that involving
social action, participants that feel emotional concern for others
showed fewer ﬁxations before looking at the faces. Participants
able to cognitively taking another’s perspective showed fewer
ﬁxations before looking at the arms.
Furthermore in individual actions our results showed that
Empathic Concern had a signiﬁcant eﬀect on the number of
ﬁxations before looking at the arms (R = 0.344, Adjusted
R2 = 0.097, F = 65.628, p = 0.044, β= –1.870, SE = 0.788). No
signiﬁcant eﬀects have been found for other IRI factors (Fantasy
and Personal Distress) and no signiﬁcant eﬀects were found
related to the other eye movement indicator (ﬁxations duration),
which demonstrated that empathic abilities have an eﬀect only on
orienting the visual scanning of human ﬁgure elements.
Follow Up Study
Since the found results might be biased by the instruction to look
at the human ﬁgures, another experiment was carried out with
a new sample of participants that were not instructed to look at
the human ﬁgures represented in each painting and that were not
asked to ﬁll out the IRI questionnaire.
The goal of this follow up study was to compare the visual
exploration patterns of the two groups (with and without
instruction to look at the human ﬁgures) toward the diﬀerent
body parts in individual and social action scenes in order
to conﬁrm results obtained with the main study. The new
laypersons’ group (group 2, n = 15) consisted of university
students or volunteers who were not art majors, but had taken
a college art course. Of these participants, 9 were female, 6 were
male, and the mean age was 30.1 years (range 22–50 years;
SD = 8.63).
We performed a 2 × 2 × 2 mixed-design ANOVA, with
body parts (face vs. arms) and social interaction (individual vs.
social actions) as within-subjects factors, and instruction (group
with vs. group without instruction to look at the human ﬁgures)
as a between-subjects factor. Results revealed no signiﬁcant
interaction eﬀects between body parts and instruction groups
both in terms of ﬁxation duration [F(1,57) = 0.641, p = 0.427,
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FIGURE 3 | Statistical interaction effects between human figure elements (faces vs. arms) and social interaction levels (individual vs. social actions;
Fixations before and Fixations duration).
TABLE 3 | Model summary of linear regression between empathic concern and perspective taking (Interpersonal Reactivity Index, IRI) and paintings
categories in terms of fixations before.
Category Dependent variable Independent variable R Adjusted R2 F(1,43) Significance β SE
Social actions Faces Empathic concern 0.482 0.214 12.724 0.002 −5.126 1.437
Arms Perspective taking 0.365 0.133 6.453 0.030 2.644 1.041
η2p = 0.011] and ﬁxations before [F(1,57) = 3.711, p = 0.059,
η2p = 0.061]. Furthermore, no signiﬁcant interaction eﬀects have
been found between social interaction levels and instruction
groups both in terms of ﬁxation duration [F(1,57) = 0.018,
p = 0.893, η2p = 0.00] and ﬁxations before [F(1,57) = 0.882,
p = 0.352, η2p = 0.015].
Thus, the follow up study conﬁrm that participants instructed
to freely look at the paintings showed equivalent visual
exploration patterns to participants instructed to look at the
human ﬁgures represented in each painting. Moreover, ﬁlling in
the questionnaire before the experiment did not inﬂuence the
participants’ visual exploration patterns.
Descriptive statistics are presented in Table 4.
DISCUSSION AND CONCLUSION
As the human ﬁgure attracts gazing behavior in paintings,
the goal of the study was to use eye-tracking methodology to
investigate, with untrained participants, which part of a human
ﬁgure orients visual exploration. For this reason, we analyzed
selected paintings containing complex social scenes (Kuchincke
et al., 2009; Graham and Redies, 2010), which are characterized
by body dynamism and the presence/absence of the agents’ social
interaction.
The ﬁrst hypothesis, which stated that the human ﬁgure in
art paintings characterized by action representation is scanned
diﬀerently in scenes containing individual actions compared
to scenes with social actions, was conﬁrmed. The primary
purpose of the analysis was to understand whether there was an
interaction between the two factors (body parts and activity) on
visual exploration patterns. In our analysis, we found signiﬁcant
interaction eﬀects of scene characteristics in terms of social
interaction among agents and human ﬁgure elements on the
participant’s ﬁxations. In paintings representing social actions,
faces gained the traditional attractiveness, probably associated
with the attempt to recognize intentions and emotions from
the face (Baron-Cohen et al., 1997; Wallraven et al., 2009), and
participants looked ﬁrst at the ROIs of faces and for a longer
period. The opposite pattern was found in paintings representing
individual actions, where the participants looked ﬁrst at the ROIs
of arms and for a longer period.
This result was similar to that found by Birmingham et al.
(2008). When the social content of a scene was high, that is, when
several agents are performing something together, the social
action drew the participants’ attention toward the face because
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TABLE 4 | Descriptive statistics of eye movements of the two groups.
Category Region of Interest (ROIs) Eye movements Mean (SD)
Individual actions Faces Fix_duration Group 1: 1.28 (0.91) Group 2: 1.34 (0.80)
Fix_before Group 1: 7.91 (5.90) Group 2: 6.28 (5.00)
Arms Fix_duration Group 1: 1.62 (0.68) Group 2: 1.18 (0.60)
Fix_before Group 1: 4.00 (2.33) Group 2: 6.35 (4.67)
Social actions Faces Fix_duration Group 1: 2.32 (1.35) Group 2: 2.13 (1.39)
Fix_before Group 1: 4.90 (4.61) Group 2: 4.97 (6.21)
Arms Fix_duration Group 1: 1.15 (0.56) Group 2: 0.91 (0.54)
Fix_before Group 1: 6.56 (4.23) Group 2: 8.87 (2.63)
facial information is critical to understand the social meaning of
the action. However, when the social content of a scene is low,
that is, when several agents are performing something separately,
the individual action draws attention away from the face because
face information is not critical to understand the action.
Moreover, this result was consistent with the embodied
perspective proposed by Freedberg and Gallese (2007), despite
some slight diﬀerences. In the observation of still images of
actions in works of art, the authors referred to a motor simulation
process in which the physical response can be located in the
part of the body engaged in purposeful physical actions. From
our results, we found that in experiencing an artwork, the
observers were not generally focused on the entire human
ﬁgure; instead, they appeared to focus on diﬀerent human ﬁgure
elements depending on the feature of the scene in terms of
social interaction. Moreover, the body parts involved in the action
attracted the viewers’ attention when the represented action was
individual rather than social. Thus, it was likely that the viewers
looked at arms to convert information from visual perception
into corresponding physical movements and to understand the
eﬀort required to perform that action. In contrast, when the
represented action was social, the body parts involved in the
action were not highly attractive. In this case, the viewers focused
on faces of agents involved in the action most likely to understand
the social nature of the interaction between the agents.
According to Tessari et al. (2012), the ability to detect the
intentions and the emotions of others during an interaction
requires individuals to anticipate the consequences of their
behavior. This was primarily possible via the observation of the
agents’ body postures because intention could be automatically
extrapolated from the body movement based on a shared motor
representation. From our study, the face appeared to constitute
socially relevant information in terms of valence and potential
action when the intention has a social nature while body
movement appears to be a determining element only when the
movement presents a non-social nature.
This perspective appears to be critical to understand the visual
exploration of ﬁgurative art paintings, particularly when the
viewers are laypersons and the representations include several
agents engaged in bodily actions.
This study also aimed to examine (hypothesis 2) whether the
observers’ individual characteristics in terms of emphatic abilities
resulted in the diﬀerential scanning of the human ﬁgure (face and
other body parts involved in the actions) in scenes containing
individual actions compared to scenes with social actions.
Other studies have recently showed that among the individual
characteristics of the viewers, gender and personality emerged
as critical aspects that diﬀerentially oriented attention in visual
exploration based on the fact that what we look helps construct
what we see (Mercer et al., 2012). In this study, the empathic
level of the participants aﬀected the initial orientation and
screening, but not further evaluation (Russo and Leclerc, 1994).
Our results suggested two diﬀerent roles of aﬀective and cognitive
empathic abilities in scenes with high level of social interaction.
On the one hand, participants with higher levels of empathic
concern (i.e., participants’ emotional identiﬁcation with agents
depicted in the scene) showed fewer ﬁxations before focusing
on faces. This ﬁnding is consistent with the interpretation that
participants were paying attention to the emotional content of
the scene – agents’ faces – in order to understand others and
simulate their emotional state (Vuilleumier and Driver, 2007). It
further suggests that emotional information processing is related
to self-report of aﬀective empathy (Hooker et al., 2010). On the
other hand, participants’ ability to cognitively adopt another’s
perspective and understand the meaning of the represented
action resulted in the attraction toward the body parts involved
in the action. This result is consistent with the notion that
cognitive empathy skills, such as perspective-taking, relies on the
use of internal models of observed action in order to understand
another person’s situation (Gallese, 2007). These processes should
be further investigated to conﬁrm the diﬀerent role of aﬀective
and cognitive empathy in orienting of attention toward human
ﬁgure elements.
Taken together, the results of the present study revealed a
critical role of social content in the exploration of the human
ﬁgure elements in action. As demonstrated by Bayliss and
Tipper (2005), it is important to investigate the role of the
context in which orienting of attention occurs. This aspect is
particularly important in investigating the attentional control of
social orienting (Jordan and Tipper, 1998).
The face is conﬁrmed to be as one of the most important
elements of the human ﬁgure in attracting the viewers’ attention.
Through facial observation, the participants understand others
and simulate the emotional state via the generation of
representations of the associated body state both in case of
individual and social actions (Adolphs, 2002; Gallese et al., 2004).
This process was conﬁrmed speciﬁcally in participants with high
empathic abilities that immediately orient their ﬁxations on faces.
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We must consider that the non-homogeneity in the visibility
of the faces is a weakness of the study, and future studies are
encouraged to include stimuli in which the faces are visible
and detailed. Nevertheless, we want to emphasize that we used
a conﬁgural or holistic approach to face processing that does
not consider agent facial features (Penton-Voak et al., 2006).
Speciﬁcally, we focused on orienting of attention toward diﬀerent
parts of human ﬁgure (Frischen et al., 2007). Emotional signals
may still be perceived under diﬃcult circumstances, such as when
faces are behind a veil (Fischer et al., 2012). In this sense, the
visibility or orientation of the faces did not compromise the
results of the study, which can be generalized to other situations
where expressive cues are not visible. Furthermore, future studies
are encouraged to include motor actions where other body parts
are involved in the bodily action movement.
Finally, as this study included a single experiment, this
limitation calls for viewing the obtained results with caution.
Thus, additional studies are required to investigate aﬀective
and cognitive processes by integrating other measures, such
as psycho-physiological ones, which are more suitable to
understand the activation of the mimetic engagement with other
agents represented in the pictures and their implication for
embodiment processes.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2015.01636
REFERENCES
Abbas, Z. A., and Duchaine, B. (2008). The role of holistic processing in judgments
of facial attractiveness. Perception 37, 1187–1196. doi: 10.1068/p5984
Adolphs, R. (2002). Neural systems for recognizing emotion. Curr. Opin.
Neurobiol. 12, 169–177. doi: 10.1016/S0959-4388(02)00301-X
Albiero, P., Ingoglia, S., and Lo Coco, A. (2006). Contributo all’adattamento
italiano dell’Interpersonal reactivity index. (Contribution to the Italian
validation of Interpersonal Reactivity Index). Test. Psicometria Metodol. 13,
107–125.
Baron-Cohen, S., Wheelwright, S., and Jolliﬀe, T. (1997). Is there a “language of
the eyes?” Evidence from normal adults and adults with autism or Asperger
syndrome. Vis. Cogn. 4, 311–332. doi: 10.4103/0250-474X.41455
Bayliss, A. P., and Tipper, S. P. (2005). Gaze and arrow cueing of attention reveals
individual diﬀerences along the autism spectrum as a function of target context.
Br. J. Psychol. 96, 95–114. doi: 10.1348/000712604X15626
Berlyne, D. E. (1974). Studies in the New Experimental Aesthetics: Steps Toward an
Objective Psychology of Aesthetic Appreciation. Washington, DC: Washington
Hemisphere Pub.
Birmingham, E., Bischof, W. F., and Kingstone, A. (2008). Social attention and
real-world scenes: the roles of action, competition and social content. Q. J. Exp.
Psychol. (Hove) 61, 986–998. doi: 10.1080/17470210701410375
Brothers, L., Ring, B., and Kling, A. (1990). Response of neurons in the macaque
amygdala to complex social stimuli. Behav. Brain Res. 41, 199–213. doi:
10.1016/0166-4328(90)90108-Q
Buswell, G. T. (1935).How People Look at Pictures. Chicago: University of Chicago
Press.
Crouzet, S. M., Kirchner, H., and Thorpe, S. J. (2010). Fast saccades toward faces:
face detection in just 100 ms. J. Vis. 10, 16.1–16.17. doi: 10.1167/10.4.1610/4/16
Davis, M. H. (1980). A multidimensional approach to individual diﬀerences in
empathy. JSAS Catalog Sel. Doc. Psychol. 10:85.
DeAngelus, M., and Pelz, J. (2009). Top-down control of eye-movements: yarbus
revisited. Vis. Cogn. 17, 790–811. doi: 10.1080/13506280902793843
di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, L., and Rizzolatti, G. (1992).
Understanding motor events: a neurophysiological study. Exp. Brain Res. 91,
176–180. doi: 10.1007/BF00230027
Downing, P. E., Jiang, Y., Shuman, M., and Kanwisher, N. (2001). A cortical area
selective for visual processing of the human body. Science 293, 2470–2473. doi:
10.1126/science.1063414
Emery, N. J. (2000). The eyes have it: the neuroethology, function and evolution
of social gaze. Neurosci. Biobehav. Rev. 24, 581–604. doi: 10.1016/S0149-
7634(00)00025-7
Fischer, A. H., Gillebaart,M., Rotteveel,M., Becker, D., andVliek,M. (2012). Veiled
emotions: the eﬀect of covered faces on emotion perception and attitudes. Soc.
Psychol. Pers. Sci. 3, 266–273. doi: 10.1177/1948550611418534
Freedberg, D., and Gallese, V. (2007). Motion, emotion and empathy in esthetic
experience. Trends Cogn. Sci. 11, 197–203. doi: 10.1016/j.tics.2007.02.003
Frischen, A., Bayliss, A. P., and Tipper, S. P. (2007). Gaze cueing of attention:
visual attention, social cognition, and individual diﬀerences. Psychol. Bull. 133,
694–724. doi: 10.1037/0033-2909.133.4.694
Fuchs, I., Ansorge, U., Redies, C., and Leder, H. (2011). Salience in
paintings: bottom-up inﬂuences on eye ﬁxations. Cogn. Comp. 3, 25–36. doi:
10.1007/s12559-010-9062-3
Gallese, V. (2007). Before and below ‘theory of mind’: embodied simulation and
the neural correlates of social cognition. Philos. Trans. R. Soc. Lond. B Biol. Sci.
362, 659–669. doi: 10.1098/rstb.2006.2002
Gallese, V., Keysers, C., and Rizzolatti, G. (2004). A unifying view of the basis of
social cognition. Trends Cogn. Sci. 8, 396–403. doi: 10.1016/j.tics.2004.07.002
Goren, C. C., Sarty, M., and Wu, P. Y. (1975). Visual following and pattern
discrimination of face-like stimuli by newborn infants. Pediatrics 56, 544–549.
Graham, D. J., and Field, D. J. (2007). Statistical regularities of art images and
natural scenes: spectra, sparseness and nonlinearities. Spat. Vis. 21, 149–164.
doi: 10.1163/156856807782753877
Graham, D. J., and Field, D. J. (2008). Variations in intensity statistics for
representational and abstract art, and for art from the Eastern and Western
hemispheres. Perception 37, 1341–1352. doi: 10.1068/p5971
Graham, D. J., and Redies, C. (2010). Statistical regularities in art: relations
with visual coding and perception. Vision Res. 50, 1503–1509. doi:
10.1016/j.visres.2010.05.002
Grosbras, M. H., Laird, A. R., and Paus, T. (2005). Cortical regions involved in
eye movements, shifts of attention and gaze perception. Hum. Brain Mapp. 25,
140–154. doi: 10.1002/hbm.20145
Hari, R., and Kujala, M. V. (2009). Brain basis of human social interaction:
from concepts to brain imaging. Physiol. Rev. 89, 453–479. doi:
10.1152/physrev.00041.2007
Hernandez, N., Metzger, A., Magne, R., Bonnet-Brilhault, F., Roux, S.,
Barthelemy, C., et al. (2009). Exploration of core features of a human face by
healthy and autistic adults analyzed by visual scanning. Neuropsychologia 47,
1004–1012. doi: 10.1016/j.neuropsychologia.2008.10.023
Hooker, C. I., Verosky, S. C., Germine, L. T., Knight, R. T., and
D’Esposito, M. (2010). Neural activity during social signal perception
correlates with self-reported empathy. Brain Res. 1308, 100–113. doi:
10.1016/j.brainres.2009.10.006
Illes, A. (2008). “Behind the beholder’s eye searching for “expertness” in gazing
patterns,” in Proceeding of the 20th Biennal Congress of the International
Association of Empirical Aestethics, ed. K. S. Borden (Fort Wayne, IN: Indiana
University-Purdue University), 35–37.
Itti, L., and Koch, C. (2000). A saliency-based search mechanism for overt and
covert shifts of visual attention. Visison Res. 40, 1489–1506. doi: 10.1016/S0042-
6989(99)00163-7
Itti, L., and Koch, C. (2001). Computational modelling of visual attention.Nat. Rev.
Neurosci. 2, 194–203. doi: 10.1038/35058500
Jacob, R. J. K., and Karn, K. S. (2003). “Eye tracking in human–computer
interaction and usability research: ready to deliver promises,” in The Mind’s
Frontiers in Psychology | www.frontiersin.org 9 October 2015 | Volume 6 | Article 1636
Villani et al. Human figure exploration in paintings
Eye: Cognitive and Applied Aspects of Eye Movement Research, eds J. Hyona,
R. Radach, and H. Deubel (Amsterdam: North-Holland), 573–605.
Johnson, M. H., Dziurawiec, S., Ellis, H., and Morton, J. (1991). Newborns’
preferential tracking of face-like stimuli and its subsequent decline. Cognition
40, 1–19. doi: 10.1016/0010-0277(91)90045-6
Jola, C., Abedian-Amiri, A., Kuppuswamy, A., Pollick, F. E., and Grosbras, M. H.
(2012). Motor simulation without motor expertise: enhanced corticospinal
excitability in visually experienced dance spectators. PLoS ONE 7:e33343. doi:
10.1371/journal.pone.0033343
Jordan, H., and Tipper, S. P. (1998). Object-based inhibition of return in static
displays. Psychon. Bull. Rev. 5, 504–509. doi: 10.3758/BF03208829
Just, M. A., and Carpenter, P. A. (1976). Eye ﬁxations and cognitive processes.
Cogn. Psychol. 8, 441–480. doi: 10.1016/0010-0285(76)90015-3
Kapoula, Z., and Lestocart, L. J. (2006). Perception de l’espace et dumovement dans
study of a dog (Etude de Chien) de Francis Bacon. Intellectica 44, 215–226.
Kristjanson, A. F., and Antes, J. A. (1989). Eye movement analysis of artists and
non artists viewing paintings. Vis. Art Res. 15, 21–30.
Kuchincke, L., Trapp, S., Jacobs, A. M., and Leder, H. (2009). Pupillary responses
in art appreciation: eﬀects of aesthetic emotions. Psychol. Aesthet. Creat. Arts 3,
156–163. doi: 10.1037/a0014464
Langton, S. R. H. (2000). The mutual inﬂuence of gaze and head orientation in the
analysis of social attention direction.Q. J. Exp. Psychol. Hum. Exp. Psychol. 53A,
825–845. doi: 10.1080/027249800410562
Langton, S. R. H., and Bruce, V. (2000). You must see the point: automatic
processing of cues to the direction of social attention. J. Exp. Psychol. Hum.
Percept. Perform. 26, 747–757.
Leder, H., Carbon, C. C., and Ripsas, A. L. (2006). Entitling art: inﬂuence of title
information on understanding and appreciation of paintings.Acta Psychol. 121,
176–198. doi: 10.1016/j.actpsy.2005.08.005
Locher, P., Krupinski, E. A., Mello-Thoms, C., and Nodine, C. F. (2007). Visual
interest in pictorial art during an aesthetic experience. Spat. Vis. 21, 55–77. doi:
10.1163/156856807782753868
Massaro, D., Savazzi, F., Di Dio, C., Freedberg, D., Gallese, V., Gilli, G., et al.
(2012). When art moves the eyes: a behavioral and eye-tracking study. PLoS
ONE 7:e37285. doi: 10.1371/journal.pone.0037285
Mercer, M. F. J., Baddeley, R., and Canagarajah, N. (2012). Eye movements to
natural images as a function of sex and personality. PLoS ONE 7:e47870. doi:
10.1371/journal.pone.0047870
Nodine, C. F., Locher, P. J., and Krupinski, E. A. (1993). The role of formal art
training and perception and aesthetic judgment of art composition. Leonardo
26, 219–227. doi: 10.2307/1575815
Parkhurst, D., Law, K., and Niebur, E. (2002). Modeling the role of salience in the
allocation of overt visual attention.Vision Res. 42, 107–123. doi: 10.1016/S0042-
6989(01)00250-4
Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., and Piven, J.
(2002). Visual scanning of faces in autism. J. Autism. Dev. Disord. 32, 249–261.
doi: 10.1023/A:1016374617369
Penton-Voak, I. S., Pund, N., Little, A. C., and Perrett, D. I. (2006). Personality
judgments from natural and composite facial images: more evidence for
a “kernel of truth” in social perception. Soc. Cogn. 24, 607–640. doi:
10.1521/soco.2006.24.5.607
Pihko, E., Virtanen, A., Saarinen, V. M., Pannasch, S., Hirvenkari, L.,
Tossavainen, T., et al. (2011). Experiencing art: the inﬂuence of
expertise and painting abstraction level. Front. Hum. Neurosci. 5:94. doi:
10.3389/fnhum.2011.00094
Quiroga, R. Q., and Pedreira, C. (2011). How do we see art: an eye-tracker study.
Front. Hum. Neurosci. 5:98. doi: 10.3389/fnhum.2011.00098
Ramachandran, V. S., and Hirstein, W. (1999). The science of art. J. Conscious.
Stud. 6, 15–51.
Rayner, K. (2009). Eye movements and attention in reading, scene
perception, and visual search. Q. J. Exp. Psychol. 62, 1457–1506. doi:
10.1080/17470210902816461
Reed, C., Mcgoldrick, J., Shackelford, J. R., and Fidopiastis, C. (2004). Are
human bodies represented diﬀerently from other objects? Experience shapes
object representations. Vis. Cogn. 11, 523–550. doi: 10.1080/135062803440
00428
Rensink, R. A. (2002). Change detection. Annu. Rev. Psychol. 53, 245–277.
Ro, T., Friggel, A., and Lavie, N. (2007). Attentional biases for faces and body parts.
Vis. Cogn. 15, 322–348. doi: 10.1080/13506280600590434
Ro, T., Russell, C., and Lavie, N. (2001). Changing faces: a detection advantage in
the ﬂicker paradigm. Psychol. Sci. 12, 94–99. doi: 10.1111/1467-9280.00317
Russo, J. E., and Leclerc, F. (1994). An eye-ﬁxation analysis of choice processes for
consumer nondurables. J. Consum. Res. 21, 275–290. doi: 10.1086/209397
Savazzi, F., Massaro, D., Di Dio, C., Gallese, V., Gilli, G., and Marchetti, A. (2014).
Exploring responses to art in adolescence: a behavioral and eye-tracking study.
PLos ONE 9:e102888. doi: 10.1371/journal.pone.0102888
Shimojo, S., Simion, C., Shimojo, E., and Scheier, C. (2003). Gaze bias both reﬂects
and inﬂuences preference. Nat. Neurosci. 6, 1317–1322. doi: 10.1038/nn1150
Smith, J. K., and Smith, L. F. (2001). Spending time on art. Empir. Stud. Arts 19,
229–236. doi: 10.2190/5MQM-59JH-X21R-JN5J
Solso, R. L. (1994). Cognition and The Visual Arts. Cambridge, MA: MIT Press.
Tessari, A., Ottoboni, G., Mazzatenta, A., Merla, A., and Nicoletti, R. (2012).
Please don’t! the automatic extrapolation of dangerous intentions. PLoS ONE
7:e49011. doi: 10.1371/journal.pone.0049011
Tipper, S. P. (2004). “Attention and action,” in The Cognitive Neurosciences, ed. M.
Gazzaniga (Boston, MA: MIT Press), 619–630.
Tipper, S. (2010). From observation to action simulation: the role of attention,
eye-gaze, emotion, and body state. Q. J. Exp. Psychol. 63, 2081–2105. doi:
10.1080/17470211003624002
Tipper, S. P., and Bach, P. (2008). Your own actions inﬂuence how you perceive
other people: a misattribution of action appraisals. J. Exp. Soc. Psychol. 44,
1082–1090. doi: 10.1016/j.jesp.2007.11.005
Tsao, D. Y., Freiwald,W. A., Tootell, R. B., and Livingstone,M. S. (2006). A cortical
region consisting entirely of face-selective cells. Science 311, 670–674. doi:
10.1126/science.1119983
Vogt, S. (1999). Looking at paintings: patterns of eye movements in
artistically naive and sophisticated subjects. Leonardo 32:325. doi:
10.1162/002409499553325
Vogt, S., and Magnussen, S. (2007). Expertise in pictorial perception: eye-
movement patterns and visual memory in artists and laymen. Perception 36,
91–100. doi: 10.1068/p5262
Vuilleumier, P., and Driver, J. (2007). Modulation of visual processing by attention
and emotion: windows on causal interactions between human brain regions.
Philos. Trans. R. Soc. Lond. B Biol. Sci. 362, 837–855. doi: 10.1098/rstb.2007.2092
Wallraven, C., Cunningham, D. W., Rigau, J., Feixas, M., and Sbert, M. (2009).
“Aesthetic appraisal of art: from eye movements to computers,” in Proceedings
of the Eurographics Workshop on Computational Aesthetics in Graphics,
Visualization and Imaging (Victoria, BC: Eurographics Association), 137–144.
Yarbus, A. L. (1967). Eye Movements and Vision. New York: Plenum Press.
Young, A. W., Hellawell, D., and Hay, D. C. (1987). Conﬁgurational information
in face perception. Perception 16, 747–759. doi: 10.1068/p160747
Zeki, S. (1999). Inner Vision. Oxford: Oxford University Press.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or ﬁnancial relationships that could
be construed as a potential conﬂict of interest.
Copyright © 2015 Villani, Morganti, Cipresso, Ruggi, Riva and Gilli. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Psychology | www.frontiersin.org 10 October 2015 | Volume 6 | Article 1636
